Introduction and Background
Memory cells based on formation of Cu and Ag filaments in SiO 2 have been proposed [1] . This paper demonstrates that pre-existing defects in SiO 2 and GeO 2 , as well as transition and rare earth lanthanide atom dielectrics are vacated O-sites, and play an significant role in filament formation. Two theory-based models have been proposed for the electronic structure O-vacancy states. The Robertson and Shlugger groups have used density functional theory (DFT) based models, identifying singlet O-vacancy (V O ), and interstitial O-atoms (I O ) states in the band gap [2] . Lucovsky and co-workers have applied two-electron Tanabe-Sugano [T-S] diagrams [3] to the two Si(Ge) states with d-symmetries projecting into the defect site [4] . This model predicts singlet states and triplet terms using a calculation based on vacated O-sites. When the distance between the bordering atoms is increased the exchange energy is decreased as these atoms relax to make the ground state energies ~equal [4] . Experimental detection of single and triplet states in O K pre-edge spectra is presented and assigned to vacated O-atom sites [4, 5] . This theoretical approach supported by experiment identifies problems with DFT methods applied to strongly correlated d-states as in Ref. 6 . Figures 1 and 2 are O K pre-edge spectra for (i) bixbyite structured b-Lu 2 O 3 [5] , and thin film non-crystalline GeO 2 prepared by remote plasma procresses. [4] . The b-Lu 2 O 3 spectrum includes over-lapping singlet state and triplet term features, each with a spectral width equal to a ligand field splitting (ΔLF) = 2.4±0.1 eV. There are four negative ion states at higher photon energies [5] . As noted above, singlet and triplet features are present in the same spectrum when the respective ground state energies are the same [4] . Singlet final states are atom-symmetry specific, but singlet and tripplet terms within the ligand-field split regimes are not. This accounts for four, rather than two negative ion states in b-Lu 2 O 3 [5] . Figure 2 is the O K pre-edge for GeO 2 film anealed to a temperature 0f 700 °C that promotes release of O-atoms, and is extended to include ground state features. Energy differences between the band-gap singlet feature (9.7±0.15 eV) and other singlet states are included for comparisions with the cathoduluminesce (CLS) spectrum in Fig. 3 . Based on comparisons between O K pre-edge spectra for GeO 2 ( Fig. 2 ) and SiO 2 (Fig. 4) , the features in these spectra are assigned to process-induced, pre-existing defects. This includes structural relaxations increasing the Ge-Ge and Si-Si distances into a regime in which the singlet and triplet ground energies are the same. Plots in Fig. 5 are obtained from ab initio calculations using an embedded cluster with an O-atom removed from a network site. The two bordering Si-or Ge-atoms each have a single dangleing bond. The total energy includes a contribution from spin entropy; i.e. a total four singlet and triplet spin-degeneracies. Figure 3 presents a the CLS optical emission spectrum for the GeO 2 film in Fig. 2 . The emission spectrum markers, [1] ,.... [5] , are centered at energy differences determined from the corresponding arrows between singlet features in Fig. 2 . The relative energies of singlet features in the pre-edge spectrum of an SiO 2 film annealed at 950°C in Fig. 5 , and for the GeO 2 film in Fig. 2 are about the same. This is because respective band-gaps, E g . and ligand field splittings, ΔLF, are very nearly the same to within ±0.3 eV. Ultra-Violet and X-ray photoelectron spectrscopy studies (UPS and XPS) of valence bands of high-κ dielectrics indicate two band edge ground state features, scaling in amplitude with single features in O K pre-edge spectra [7] . 6 : "It is shown that the claims that density functional theory (DFT) can handle orbitally degenerate states are ungrounded." "The constraint search formulation of DFT allows one to determine a set of densities and eigenvalues" that "are neither observables, nor can they be used to solve the system of coupled equations for the nuclear motions to obtain observables, as in the wave function presentation." Observables include triplet terms, and energy differences between singlet states as well, including band gap energies. It is important to recognize the energy distribution of singlets and triplets in T-S diagrams is always plotted as a function of the effective ligand field splitting demonstrating the importance of valence band molecular orbitals as obtained symmetry-adapted linear combinations (SACLs) of atomics states [3] . Proposed memory structures based on filamentary formation by Ag and Cu ion transport into and through SiO 2 films. Itt is important to understand the nature of pre-existing vacated O-atom sites, that can become bonding sites for Ag and Cu ions in filament formation [1] . The electrical conductivity through the filaments is dependent on the ion charge states; this is obtained by analysis of L 2,3 spectra. 
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